Abstract: Specimens of a very small diatom were found in a dead oxbow of Tisza River (Hungary), in Eula River (Germany) and Parroy Pond (France). After SEM studies we identified all of them as Eolimna archibaldii J.c. taylor et laNge-Bert., which is currently regarded as endemic species to South Africa. Furthermore, the results of Principal Components Analysis of morphometric characters clearly demonstrated an overlap between the type material and European populations. Therefore this diatom cannot be considered endemic to South Africa. Moreover, E. archibaldii and a very similar species, E. becaresii are transferred to the genus Sellaphora. Our results confirm the benefit of SEM for verifying the identity of small-sized diatoms, especially for routine monitoring, and allow more precise ecological assessment.
IntroductIon
In European countries, several biological elements are obligatory for monitoring the ecological status of fresh waters according to the European Water Framework Directive (WFD). Diatoms are one of these elements and routine monitoring is performed using light microscopy (LM). The identification of dominant species is therefore crucial for obtaining unbiased results.
Small naviculoid diatoms frequently dominate in fresh water and when their relative abundance exceeds 5%, their ecological importance is unquestionable (Wetzel et al. 2015) . However, whereas most of them can hardly be identified at species level using (LM) European ecological status assessments require identification to the highest taxonomical level possible (tHe euroPeaN ParliameNt aNd tHe couNcil oF tHe euroPeaN uNioN 2000) and the commonly used diatom metrics work at species level or below (ector & rimet 2005) .
During the Hungarian surveillance monitoring programme, a small, rhombic diatom was found as a dominant species (with a relative abundance of 18%) in an oxbow of Tisza River (Kanyari Holt-Tisza near Kisköre) in 2011. This small, rhombic diatom was unidentifiable by LM due to its diminutive size and the difficulty of visualising the striation pattern; no exact match could be found with taxa in widely used diatom identification books (krammer & laNge-Bertalot 1986; HoFmaNN et al. 2011; Bey & ector 2013) . Similar diatoms were found in the Eula River, Germany and in Parroy Pond, France. We studied all three populations in more detail, as they showed a morphological resemblance to taxa of several different genera including Craticula subminuscula (maNguiN) 
MaterIal and Methods
Site description. In Hungary, a sample was taken in August 2011 from Kanyari Holt-Tisza, which is situated between Kisköre and Pély. Kanyari Holt-Tisza is an alkaline, eutrophic oxbow of the River Tisza with elevated electrolyte content (Table 1) . Its catchment area is 7.19 km 2 and the surface area is 54 ha, 50% of the water surface was covered by sedge (Carex sp.) and reed (Phragmites australis (cav.) triN. ex steud.) on the sampling time. In Germany, the samples were taken from Eula River, below Geithain, in the district of Leipzig, Saxony, in October 2014. The River Eula is a calcareous, clay-rich, upland river with fast flow and moderate turbulence (Table 1) .
The principal French population studied came from the phytoplankton of Parroy pond (Etang du Parroy, near Nancy, north-eastern France) in August 2011 and July 2014. Parroy Pond is an artificial waterbody created in the late 19 th century on chalky bedrock to serve as a reservoir for the Marne to Rhine canal. Its maximum depth is 4.3 m. The largest population was collected in July 2014, when dissolved organic carbon (DOC) was 23 mg.l -1 and biochemical oxygen demand (BOD 5 ) was 3.3 mg.l -1 (see additional chemistry in Table 1 ).
Additional French samples were collected from stones in October 2015 from two lakes, Mare à Goriaux (50° 23'42"N, 3°25'58"E) and Étang du Vignoble (50°20'42"N, 3° 29'53"E), situated near Valenciennes, Hauts-de-France Region, France (water chemical data are not available).
Collection, preparation and investigation of samples. Phytobenthos samples were collected from green reed stems in Kanyari Holt-Tisza, Hungary. Stems were chosen randomly and 20 cm sections were cut with clippers starting at 10 cm below the water surface. Stem sections were placed in plastic bags and transported to the laboratory, where epiphyton was removed using a stiff brush and tap water. In the case of Eula River, periphyton was sampled across the river bed from silt, sand and stones, along a 100 meter stretch; material from the different substrata was combined into one bottle and alcohol was added. Together, these three substrata covered about 60% of the river-bed. The frustules were cleaned with hydrochloric acid and hydrogen peroxide, subsequently washed in distilled water, and mounted with Naphrax ® mounting medium (CEN 2003) . Diatoms were investigated using an Olympus® IX70 inverted microscope equipped with differential interference contrast (DIC) optics (Hungarian sample), University, South Africa) was observed. The material had been collected from stones with a small brush and the resultant suspension placed in a 150 ml plastic sample bottle; later, a portion of the sample was oxidised by boiling in a mixture of 2:1 nitric and sulphuric acid, and rinsed (taylor & laNge-Bertalot 2006). Cleaned and rinsed samples were mounted on permanent slides with Naphrax®. LM observations and morphometric measurements were performed using a Leica® DMRX brightfield microscope with 100× oil immersion objective and light micrographs were taken with a Leica® DC500 camera. For SEM observations the cleaned samples were filtered with additional deionized water through a 3-μm Isopore™ polycarbonate membrane filter (Merck Millipore). Filters were mounted on aluminium stubs and coated with platinum using a Modular High Vacuum Coating System BAL-TEC MED 020 (BAL-TEC AG, Balzers, Liechtenstein). An ultrahigh-resolution analytical field emission (FE) scanning electron microscope Hitachi SU-70 (Hitachi High-Technologies Corporation, Japan) operated at 5 kV and 10 mm distance was used for the analysis. SEM images were taken using the lower (SE-L) and upper (SE-U) detector signal. Micrographs were digitally manipulated and plates containing LM and SEM images were created using CorelDraw X6.
Morphometric analysis. The length and width of valves were measured using tpsDig2 software (roHlF & slice 1990; roHlF 2004) . We used only the SEM images for more precise measuring. Shapiro-Wilk tests were carried out to test the normality of metrics. One-way ANOVA was performed to test, if the means of the length (L), width (W) and L/W ratio of valves differed significantly among the populations (the Kruskal-Wallis test was used when the metrics did not assume normal distributions). When the ANOVA or Kruskal-Wallis showed significant inequality of the means, post hoc pairwise tests (Tukey's and Mann-Whitney pairwise comparisons) were carried out. Principal component analysis (PCA) was applied to the morphometric characteristics (L, W and L/W ratio). The tests were calculated with software Past version 1.78 (Hammer et al. 2001 ).
results

Observations Light and electron microscopic studies of European samples
In LM (Figs 1-22) , the valves were rhombic-lanceolate to rhombic-elliptic with acutely rounded apices. In practice, only the raphe, the prominent central nodule and helictoglossae were visible in our material, unless we used the very best optics, when we could see a fine radial striation in the central part. The axial area is narrow and linear. The central area is small. Valve length = 5.4-6.4 μm (mean: 6.0 μm, SD: 0.22), valve width = 2.5-3.4 μm (mean: 3.0 ± 0.18 μm). The L/W ratio is 1.8-2.1 (mean: 1.98 ± 0.08 µm; n=62).
SEM revealed that the striae are radiate, alternately short and long around the central nodule, and composed of single rows of areolae; hymenes are present in a median position countersunk in the areolae (Figs 28-29) . The stria density is not particularly high (32-36 striae/10 μm) despite the difficulty of visualizing the striae in LM; there are 70-80 areolae/10 μm. The external raphe fissure is gently curved and located proximally in a slightly raised sternum (Fig. 29) . The central raphe endings are slightly deflected to the primary valve side (27) (28) (29) , while the terminal endings are deflected to the secondary side and elongated onto the valve mantle (Figs 24, (28) (29) . Internally, the raphe fissure is straight and the central endings are slightly deflected towards the primary side (Figs 26, 30-31 ). The raphe terminates at the poles in small helictoglossae (Figs 25, (30) (31) . One series of single poroids on the mantle (Fig. 28 ) is in line with striae. According to the electron microscope studies this small naviculoid diatom is similar to Eolimna archibaldii J. (Fig. 37) .
Apart from the L/W ratio of the German population, the metrics (length, width, L/W) have a normal distribution (Table 2 ). In most cases the p values of Tukey's and Mann-Whitney tests were not significant. Hence the samples can be assumed to have been taken from populations with equal means, but in several cases the values were significant in comparison of some other populations, so in this case we cannot say that the samples were taken from populations with equal means (Table 3 ). However the results of the PCA of morphometric characters clearly demonstrated an overlap between the type material and Hungarian, German and French populations along the first and second PC axes (Fig. 38) . PCA revealed that the first two factors explain almost all the variability (99.7%; λ1=56.4%, λ2=43.3%) in the correlation matrix. Furthermore after the SEM studies we can say that European studied populations without doubt belong to E. archibaldii. Wetzel et al. (2015) evaluated generic boundaries and concepts of Eolimna and Sellaphora (and also the catch-all genus Naviculadicta) and concluded that there appear to be no clear differentiation between extant species of these genera. Several molecular studies have also shown that some former Eolimna species belong to the genus Sellaphora (e.g. Novis et al. 2012; zgruNdo et al. 2013; kulikovskiy et al. 2014) , forming a monophyletic group. Wetzel et al. (2015) proposed the transference of several Eolimna, Naviculadicta, and Navicula s.l. taxa into Sellaphora and further Eolimna species have been transferred to Sellaphora by Beauger et al. (2016) . However, not all Eolimna species should be transferred to Sellaphora. The former Eolimna subminuscula belongs to Craticula according to molecular results (zgruNdo et al. 2013) , and in agreement with this Craticula (Eolimna) subminuscula has parallel striation, which is one of the most characteristic features of Craticula. Moreover a distant relationship between Eolimna subminuscula and E. minima was shown also by Beszteri et al. (2001) based on SSU rDNA.
Judging by morphological characteristics such as the presence of uniseriate striae, a central and straight raphe with slightly deflected proximal ends; the presence of distal raphe ends with helictoglossae, and the above mentioned molecular evidence linking Eolimna to Sellaphora, we propose the transfer of E. archibaldii to the genus Sellaphora as follows. In 2009 a very similar species, Eolimna becaresii S. BlaNco et ector, was described from the shallow Lake Constanzana in Spain (BlaNco et al. 2009 ). The main difference between E. becaresii and S. archibaldii is the L/W ratio, which is more or equal to 2.2 for E. becaresii but less than 2.2 for S. archibaldii. geitler (1932) showed that in pennate diatoms length reduces much more strongly than width during the life cycle, so probably the L/W ratios cannot be used for taxon separation. Moreover conspecificity between S. archi- baldii and E. becaresii cannot be discarded as a possibility since many other ultrastructural morphological characters overlap and are even identical. For the moment, however, we adopt the conservative strategy of maintaining E. becaresii as a separate species, while transferring it to Sellaphora because of its morphological similarity to S. archibaldii and other small-celled Table S1 ). In LM, the valve morphology (shape, length, width) of Sellaphora archibaldii overlaps with Sellaphora madida, Fallacia indifferens and Navicula confusa, but the fine structure shows clear differences. The central area of Sellaphora madida is accompanied towards the margin by four shortened striae, while S. archibaldii has two shortened striae in the central area. The striae of Fallacia stickle et d.g. maNN are covered externally by finely porous conopea (rouNd et al. 1990) , while Eolimna and Sellaphora do not have conopea. The striae are composed of lineolae (linear areolae, aligned longitudinally) in the genus Navicula, while Eolimna and Sellaphora have either single or double rows of round areolae (scHiller & laNge-Bertalot 1997; rouNd et al. 1990 ). Moreover Navicula confusa has significantly less striae (20-26 in 10 μm), than S. archibaldii.
Eolimna archibaldii was described from Vaal River, South Africa by taylor & laNge-Bertalot Until now, it had been thought that Eolimna archibaldii may be endemic to South Africa (taylor et al. 2007a, b) . Before our observations, this species had not been recorded in other countries, but after the new records (Fig. 39) presented here we can establish that it is not an endemic diatom species for South Africa. Our data presented are a demonstration of the caution that needs to be exercised in concluding that any freshwater diatom either is an endemic, or has a disjunct distribution, or has been introduced. There are several reasons for failure to record a diatom in a particular area. One possible reason is under-sampling. Another is confusion with other similar taxa. In our case confusion with other similar taxa in LM studies is likely. Furthermore, we cannot reject the possibility that diatoms might at times be transported outside their native range through human activities (maNN 2015), i.e. that species like S. archibaldii may originally have been endemic but have become more widely distributed in recent years.
According to our results, we suggest the verification of small-celled diatoms using electron microscopy in the future, even in routine monitoring, especially if they are very abundant in the sample, to get better results for ecological assessment. To study small well-known and widely distributed diatoms with SEM is also of taxonomical importance (Wetzel et al. 2015) .
It would be valuable in the future to complete the morphological studies reported here with molecular ones to determine the taxonomical distance between small naviculoid species with only slight microstructural differences, as in the case of Sellaphora archibaldii and S. becaresii. And finally, whatever the consensus adopted concerning generic boundaries, the most important issue from the practical point of view, is the circumscription of Sellaphora archibaldii, which is found commonly in several European waters. 
